This experiment examined the retention of generalized equivalence classes. Seventeen subjects completed matching-tosample training, in which two-element stimulus compounds were presented as sample stimuli, and an equivalence test, in which those compounds were separated and each element was tested separately for its entry into equivalence relations with the other stimuli. A generalization test was then conducted, in which dimensional variants (along the dimension of hue) of one member of each class were presented ·as sample stimuli on test trials for two generalized symmetry relations and one generalized equivalence relation. Equivalence and generalization retention tests were conducted for 8 subjects 2-3 months following their initial laboratory session. This experiment also employed a verbal protocol analysis, in which subjects' overt verbal behavior was recorded during both experimental sessions and examined in light of subjects' performances. More subjects demonstrated the retention of symmetry relations than within-compound or equivalence relations, and all subjects who showed the maintenance of equivalence and within-compound relations also showed the maintenance of symmetry relations. Generalized classes were shown to have remained stable over time for some subjects, while other subjects demonstrated the emergence of subject-defined generalized classes during the generalization retention test. Verbal protocol analyses showed that all subjects emitted a relatively greater frequency of verbal descriptions of stimulus relations under extinction testing situations than during training, and class-consistent names for generalized class-members appeared to be likely, but not necessary for the generalization of class membership.
When verbally competent subjects are explicitly taught to make a
The research reported in this manuscript is based on Ruth Anne Rehfeldt's doctoral dissertation, and it was supported in part by the Wilson Research Scholarship, awarded to the first author by the University of Nevada Department of Psychology. The authors gratefully acknowledge Lanny Fields for his many insightful comments and suggestions on an earlier version of this manuscript. Ruth Anne Rehfeldt is now at Southern Illinois University at Carbondale. Requests for reprints may be addressed to Ruth Anne Rehfeldt, Rehabilitation Institute, Southern Illinois University at Carbondale, Carbondale, IL 62901-4609. series of conditional discriminations, new conditional discriminations may then be demonstrated among those same stimuli in the absence of reinforcement, an outcome that is referred to as equivalence class formation (Sidman, Kirk, & Willson-Morris, 1985; Sidman & Tailby, 1982) . Stimuli can also become members of equivalence classes if they are physically similar to members of existing classes. Fields, Adams, Brown, and Verhave (1993) demonstrated the generalization of membership in four-member equivalence classes to physical or dimensional variants of class members, following tests for equivalence. It was found that as the physical disparity between dimensional variants and class members systematically increased, the proportion of class-consistent responses declined (see also Fields, Reeve, Adams, & Verhave, 1991; and Fields, Adams, Buffington, Yang, & Verhave, 1996) . Fields, Reeve, Adams, Brown, and Verhave (1997) used generalization gradients obtained prior to an equivalence test to predict to which dimensional variants stimulus class membership would generalize, and observed considerable overlap between pre-class and post-class gradients. These findings have led Fields et al. (1997) to propose that the generalization of stimulus equivalence is a means by which conceptual classes merge with perceptual classes. Equivalence classes may be conceptualized as openended, polymorphous classes, with virtually no limit to the number of stimuli comprising a given class (Fields et aI., 1997) .
Although the stability or retention of stimulus equivalence classes over time has been demonstrated (Saunders, Wachter, & Spradlin, 1988) , the long-term retention of generalized equivalence classes has not been shown. Results reported by Saunders et al. (1988) suggest that, as long as the baseline relations are not disrupted, equivalence relations may be maintained for as many as 2 to 5 months following subjects' original laboratory experience (see also Hollis, 1987) . The seeming durability of equivalence classes stands in sharp contrast to other forms of stimulus control, which seem to deteriorate over time. Generalization gradients in particular have been shown to flatten, indicating a loss of stimulus control, as the time interval before testing is conducted increases (see DeToledo & Black, 1970; Riccio, Ackil, & Burch-Vernon, 1992; Riccio, Richardson, & Ebner, 1984) . Whether gradients depicting the generalization of equivalence class membership can also be shown to flatten as a function of time is important in evaluating not only the conditions sufficient for the establishment of equivalence classes, but the conditions sufficient for their maintenance as well.
The primary objective of the reported experiment was to examine the retention of equivalence classes and generalized equivalence classes over a 2-to 3-month time interval. This experiment also employed a concurrent ''think-aloud'' procedure (Ericsson & Simon, 1984; Hayes, 1986) , in which subjects were required to ''talk-aloud'' everything that they were thinking to themselves over the course of completing the experiment. The purpose of this requirement was to identify potential relationships between subjects' verbal behavior and demonstrations of class formation and maintenance (e.g., Horne & Lowe, 1996; Wulfert, Dougher, & Greenway, 1991; Rehfeldt, Dixon, Hayes, & Steele, 1998) . This experiment also examined the generalization of relations involving stimuli which appeared as elements of sample stimulus compounds during training. A number of studies have reported that when complex samples are presented during training, both elements of each compound will be shown to have entered separately into equivalence relations with the other stimuli (Markham & Dougher, 1996; Stromer, Mcllvane, & Serna, 1993; Stromer & Stromer, 1990a , 1990b . The generalization of those relations to dimensional variants of class members, however, has not yet been assessed.
Seventeen subjects received matching-to-sample training in which three "AX" compounds were presented as sample stimuli. This training was intended to ultimately establish three 4-member equivalence classes. During a subsequent equivalence test, the elements of each "AX" compound were separated and tested individually for their entry into equivalence relations with the other stimuli. Following the equivalence test, a generalization test of the emergent relations was conducted, in which physical or dimensional variants of Stimuli B1, B2, and B3 (along the dimension of hue) were presented as sample stimuli. Eight subjects completed equivalence and generalization retention tests 2-3 months following their original completion of the experiment. All subjects were required to talk aloud during each experimental session.
Method

Participants
Seventeen adults (6 male and 11 female) who were enrolled in undergraduate psychology courses and had no known conditions of color blindness participated as subjects and were compensated with course credit for doing so. Participants were recruited through in-class announcements. To ensure that participants did not inform one another as to the nature of the experiment, they were recruited from a variety of class sections and were asked not to share the details of the experiment with other students. Before the experiment, all participants signed a statement of informed consent and were informed that they were free to withdraw from the experiment at any time, although none chose to do so. Upon completion of the study, all participants were thoroughly debriefed.
Apparatus and Stimulus Materials
Stimulus presentation and data collection were computer controlled. The experiment was controlled by an IBM-compatible personal computer, equipped with a color monitor and a two-button mouse. The computer was centered on a 2-ft x 2-ft table. Adjacent to the computer was a tape recorder and microphone. Experimental sessions were conducted in a 10-ft x 10-ft room containing a table and chair. The experiment was programmed in Microsoft Visual Basic (version 5.0). As shown in Figure  1 the exception of the stimuli which were designated as 81, 82, and 83, which were yellow, blue, and red trapezoids, respectively. The figures were arbitrarily divided into three 4-member classes. The stimuli were created in Microsoft® Paint. Eighteen dimensional variants of Stimuli 81, 82, and 83 were presented during the generalization tests. Stimuli were created in Microsoft® Paint. The saturation and luminescence values of the stimuli were 240 and 120, with hue being the only dimension that varied. The hue values of Stimuli 81,82, and 83 were 40, 140, and 240, respectively. The hue value of the variants increased in increments of 10, such that the dimensional variants between Stimuli 81 and 82 in hue were varying shades of yellow and blue, and the dimensional variants in between Stimuli 82 and 83 in hue were varying shades of blue and red.
Procedure
The experiment consisted of five phases, as illustrated in Figure 2 . Throughout all phases, sample stimuli were presented in the top center of the screen, followed 1 s later by the display of three comparison stimuli below the sample stimulus, evenly spaced across the bottom of the screen. Subjects selected a comparison stimulus by clicking the computer mouse upon it. Each sample stimulus presentation marked the onset of a 
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new trial. Following correct matches during Phase 1, sample stimuli and matching comparisons became outlined in black for 1.5 s, after which the statement "Excellent! One point!" was displayed and one point was added to the subject's current point-total. Incorrect matches led to a new trial. All trials were separated by a 1-s intertrial interval. Point totals were displayed in the lower left-hand comer of the computer screen throughout Phase 1, but not during the subsequent phases, as they were conducted in extinction. Data for Phases 1-3 were collected over the course of one session with each subject. The first session lasted between 1 and 1.5 hr for all subjects. Data for Phases 4 and 5 were collected over the course of a second session with the 8 subjects who were selected to return for this session. The second session lasted approximately 45 min for all subjects.
Subjects were given the following instructions before the experiment:
In this experiment we are interested in what people say to themselves as they complete experimental tasks. Therefore, we would like you to THINK ALOUD everything you are thinking to yourself ABOUT THE TASK for the entire experiment. Just say EVERYTHING OUT LOUD that you are thinking to yourself about the task which you will be completing. If you are quiet for too long, the experiment will start over again.
Your job in this experiment is to perform your best. A figure will appear in the center of the screen. Next, three figures will appear below the first figure. It Is your job to choose one of the three figures. To choose one of the three figures, click the mouse once on the figure that is your choice. In some sections of the experiment, you will earn a point each time that you have responded correctly, but in other sections you may not always receive a point for correct responses. However, the computer will continue to keep track of your responses, even though you may not receive a point. So, it is important that you do your best throughout the entire experiment. Now, before the actual experiment begins, we would like you to briefly practice the task and practice talking.
Verbal Protocol Procedure and Coding
Subjects first completed a short matching-to-sample practice session involving arbitrary stimuli which would not be used in the actual experiment. Subjects were required to talk aloud during this session. Over the course of this session, the experimenter delivered feedback for subjects' talking. When subjects made comments that were relevant to the experimental task, they were informed' by the experimenter that the comments were appropriate and that they should continue to talk freely about the task. When subjects made comments that were relevant to some topic other than the experiment, they were informed by the experimenter that they should instead talk freely about the task. The purpose of this practice session was to ensure that subjects were comfortable with the talk-aloud requirement before the experiment began.
During the, experiment, verbal repqrts and distinct audible auditory tones signaling the completion of each trial, each reinforcer delivery, and each phase were recorded on audio tapes. These data were transcribed and subsequently coded by two independent observers into 6 categories during Phases 1 and 2 (matching-to-sample training and the equivalence test), and 10 categories during Phase 3 (the generalization test). During Phases 1 and 2, these included: (1) relations between sample and comparison stimuli (e.g., "the squiggly lines go with the top hat"); (2) names or descriptions of the physical properties of single stimuli (e.g., ''the blue dish;" "that looks like a top hat"); (3) reinforcement or its removal (e.g., "great, 21 points;" ''why aren't I getting points anymore?"); (4) variables unrelated to the experiment (e.g., "I'm just rocking back and forth in my chair;" "my CIA training didn't prepare me for this"); (5) variables irrelevant to the display of stimuli or subjects' responses to the task, yet nonetheless related to the experiment (e.g., "I hope I'm talking loudly enough;" "I'm just doing the same thing over and over"); and (6) silence. During Phase 3, verbal comments were categorized into Categories 2-6, as well as: (1 a) relations between stimuli in which the same color names for Stimuli 81, 82, 83, and their dimensional variants as were used for Stimuli 81, 82, and 83 during previous phases, were emitted (e.g., "blue cup goes with the S;" "red maze"); and (1 b) relations between stimuli in which a different color name for Stimuli 8 1, 82, 83, and their dimensional variants as were used for Stimuli 81, 82, and 83 during previous phases, were emitted (e.g., "aqua cup goes with the S;" "I'll put the fuschia with the top haf'). In addition, comments which were coded as "2s" were further categorized into: (2a) names or descriptions of physical properties of stimuli in which the same color names for Stimuli B 1 , 82, 83, and their dimensional variants as were used for Stimuli 81, 82, and 83 during training, were emitted (e.g., ''yellow''); and (2b) names or descriptions of physical properties of stimuli in which different color names for Stimuli 81, 82, 83, and their dimensional variants as were used for Stimuli 81, 82, and 83 during training, were emitted (e.g., "pretty robin's egg color").
Reliability of the categorizing of subjects' verbal behavior was calculated by dividing the number of category agreements by the number of category agreements plus disagreements on 50% of the subjects' transcripts. Overall agreement between observers (interobserver reliability) was 97%.
The 8 subjects who were randomly selected for Phases 4 and 5 of the experiment were also required to talk aloud as they completed the two phases. The verbal protocol procedure for these subjects was identical to that employed during the initial experimental session, except that subjects did not complete a practice session. Verbal data were transcribed and subsequently coded in the same manner employed for Phases 2 and 3. Reliability of the categorizing of subjects' verbal behavior was calculated in the same manner employed for the initial experimental session. Overall agreement between observers (interobserver reliability) was 99%.
Phase 1: Matching-to-Sample Training
The order of training sets is shown in Figure 2 . Six conditional discriminations involving compound samples and unitary comparisons were trained. Compound samples consisted of stimulus pairs, with the elements presented 3 mm apart on the computer screen. The left and right position of each sample stimulus element varied randomly across trials. The AX-8 relations (A 1 X1-81, A2X2-82, A3X3-83) were trained first, followed by the training of the AX-C relations (A 1 X1-C1, A2X2-C2, A3X3-C3). A stability criterion of 14/15, or 93% correct, was required during both training sets before subjects could advance to the next set. Each sample stimulus compound was presented no more than five times per 15-trial block during both training sets. The last training set to which subjects were exposed was a mixed training set of AX-B and AX-C relations. A stability criterion of 17/18, or 940/0 correct per 18-trial block, was required before subjects could advance to the equivalence test. Each sample stimulus was presented no more than six times per 18-trial block. Throughout all three training sets, the order of the sample stimulus presentations was determined randomly.
Phase 2: Equivalence Test
The equivalence test consisted of 72 trials, in which unitary samples and unitary comparisons were presented. The tested relations are shown in Figure 2 . Four sets of three symmetry relations (B1-A 1, B2-A2, B3-A3; B1-X1, B2-X2, B3-X3; C1-A 1, C2-A2, C3-A3; C1-X1, C2-X2, C3-X3), two sets of three equivalence relations (B1-C1, B2-C2, B3-C3; C1-B1, C2-B2, C3-B3), and two sets of three within-compound relations (A 1-X1 , A2-X2, A3X3; X1-A 1 , X2-A2, X3-A3) were tested in a random order, but the emergence of each individual relation was tested no more than three times.
Phase 3: Generalization Test
A 378-trial generalization test was then conducted, in which accuracy on test trials for the B-A, B-X, and B-C relations assessed in Phase 2 was again examined. In addition, 18 dimensional variants of Stimuli B1, B2, and B3, along the dimension of hue, were presented as sample stimuli on test trials in place of Stimuli B1, B2, or B3. Test trials for the B-A, B-X, and B-C relations assessed in Phase 2 were presented six times each. For the generalized B-A, B-K, and B-C relations, each of the 18 variants were presented six times each for each set of relations. There were thus a total of 108 test trials for the generalized B-A relations, 108 test trials for the generalized B-X relations, and 108 test trials for the generalized B-C relations. The order of test trials was determined randomly.
Phases 4 and 5: Equivalence and Generalization Retentipn Tests
Phases 4 and 5 were identical to Phases 2 and 3. Eight subjects were randomly selected to complete Phases 4 and 5 2-3 months following their original completion of Phases 1-3. Subjects 1, 5, 6, 7, 12, 13, 14, and 15 completed the equivalence and generalization tests a second time. All subjects were compensated with additional course credit following their participation.
Prior to the onset of Phases ' 4 and 5, subjects were given the following instructions:
In this experiment we are interested in what people say to themselves as they complete experimental tasks. Therefore, we would like you to THINK ALOUD everything you are thinking to yourself ABOUT THE TASK for the entire experiment. Just say EVERYTHING OUT LOUD that you are thinking to yourself about the task which you will be completing. If you are quiet for too long, the experiment will start over again. Your job in this experiment is , to perform your best. A figure will appear in the center of the screen. Next, 3 figures will appear below the first figure. It is your job to choose one of the three figures. To choose one of the 3 figures, click the mouse once on the figure that is your choice.
All 17 subjects demonstrated criterion performance on AX-8, AX-C, and mixed AX-8 and AX-C training sets. Shown in Table 1 is the number of trial blocks required for each subject to attain criterion during each, set. 
Equivalence Class Formation and Within-Compound Relations
The establishment of one of three sets of three equivalence class~s was possible: These include one of two sets of three 3-member equivalence classes (A181C1, A282C2, A383C3; or X181C1, X282C2, X383C3) or one set of three 4-member equivalence classes (A 1X1 81 C1, A2X282C2, A3X383C3). Equivalence classes were held to have been established if a total of at least 89% of a subject's responses on test trials for symmetry and test trials for equivalence relations between the stimuli constituting each potential class were class-consistent.
Shown in Figure 3 is the total proportion of test trials responded to accurately for the four symmetry (8-A, 8-X, C-A, C-X) and the two equivalence (8-C, C-8) relations, for all of the subjects' original completion of the experiment. An examination of Figure 3 reveals that 9 of the 17 subjects (Subjects 1, 5, 6, 11, 12, 13, 14, 15, and 16) . demonstrated criterion performance on all symmetry and equivalence Figure 3. Proportion of test trials responded to accurately for within-compound, symmetry, and equivalence relations, for all subjects during Phase 2. The same data are shown for Phase 4 for Subjects 1, 5, 6, 7, 12, 13, 14, and 15. test trials, thus demonstrating the formation of three 4-member equivalence classes (A 1 X1 B1 C1, A2X2B2C2, A3X3B3C3). The total proportion of test trials responded to accurately for the within-compound relations (A-X, X-A) for each subject's original completion of the experiment is also shown in Figure 3 . The emergence of within-compound relations was assumed if subjects performed ,with a total of at least 890/0 accuracy on test trials for the A-X and X-A relations. Figures 3 show that 10 of the 17 subjects (Subjects 1, 5, 6, 7, 8, 11, 12, 13, 15, and 16 ) did meet this criterion, thus demonstrating the emergence of withincompound relations. Of these 10 subjects, 8 also demonstrated the formation of three 4-member equivalence classes (Subjects 1, 5, 6, 11, 12, 13, 15, and 16 
Generalization of the Emergent Relations
Equivalence class membership was held to have generalized to the dimensional variants that were presented during the generalization test if the proportion of class-consistent responses was maximal in the presence of stimuli most similar to each class member, and minimal in the presence of stimuli most dissimilar from each class member. Shown in their initial completion of the experiment. Presented is the proportion of class-consistent responses emitted during the test, plotted against the hue of each class member and dimensional variant, shown separately for the 8-A symmetry relations, the 8-X symmetry relations, and the 8-C equivalence relations.
The figures show that 9 of the 17 subjects (Subjects 5, 6, 7, 8, 10, 11, 13, 14, and 15 ) demonstrated generalization of all of the relations. Of those 9 subjects, 6 (Subjects 5, 6, 11, 13, 14, and 15) had also demonstrated the formation of three 4-member equivalence classes during the prior equivalence test, whereas 3 of those 9 subjects (Subjects 7, 8, and 10) did not.
Subject 7 had demonstrated the formation of three 3-member classes (X1 81 C1, X282C2, X383C3) and had failed to demonstrate the emergence of the 8-A symmetry relation during the equivalence test. Figure 5 suggests, however, that the 8-A symmetry relation did generalize for this subject. Similarly, Subject 8 had failed to demonstrate criterion performance on test trials for the 8-C equivalence relation during the equivalence test, but the 8-C equivalence relation was shown to generalize to the variants of the "8" stimuli for this subject, as shown in Figure 6 . Finally, Subject 10 had failed to demonstrate the emergence of the 8-A and 8-X symmetry relations during the equivalence test, but showed the generalization of both 8-A and 8-X symmetry relations, as also shown in Figure 6 . 
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Verbal Protocol Analyses
Shown in Table 2 is the proportion of verbal responses emitted by each subject that were coded as Categories 1-6 during Phases 1 and 2 (training and the equivalence test). The proportion of verbal responses Note. All proportions were rounded to the nearest hundredth. Category 1 a = descriptions of stimulus relations using common names; 1 b = descriptions of stimulus relations using different names; 2 = names or physical descriptions of single stimuli; 2a = physical descriptions of single stimuli using common names; 2b = physical descriptions of single stimuli using different names; 3 = reinforcement or its removal; 4 = variables unrelated to experiment; 5 = variables irrelevant to experiment; 6 silence. Table 3 shows that verbal responses from Category 1 a (descriptions of stimulus relations in which the same color names were supplied for Stimuli 81, 82, 83, and their dimensional variants as had been used during previous phases) were the most frequently observed category for 5 of the 9 subjects who showed generalization of all of the relations during Phase 3 (Subj:ects 8, 11, 13, 14, and 15).
Equivalence Retention Test
Consistent with Phase 2, the maintenance of one of three sets of three equivalence classes was possible, including one of two sets of three 3-member equivalence classes (A 181 C1, A282C2, A383C3; or X1 81 C1, X282C2, X383C3) or one set of three 4-member equivalence classes (A 1 X1 81 C1, A2X282C2, A3X383C3). Equivalence classes were held to have been maintained if a total of at least 890/0 of a subject's responses on test trials for symmetry and test trials for equivalence relations between the stimuli constituting each potential class were classconsistent. Likewise, the maintenance of within-compound relations was assumed if subjects performed with a total of at least 89% accuracy on test trials for the A-X and X-A relations. Shown in Figure 3 is the total proportion of test trials responded to accurately for the four symmetry (8-A, 8-X, C-A, C-X), two within-compound (A-X, X-A) and the two equivalence (8-C, C-8) relations, for Subjects 1, 5, 6, 7, 12, 13, 14, an~ Subject 15's first and second equivalence test performances. An examination of Figure 3 reveals that 2 of the 8 subjects (Subjects 6 and 13) demonstrated criterion performance on all symmetry and equivalence test trials, thus demonstrating the maintenance of three 4-member equivalence classes (A 1 X1 81 C1, A2X282C2, A3X383C3) 93 and 63 days following the first test, respectively. The 8-A and 8-X symmetry relations were maintained at 100 % accuracy for both Subjects 1 and 15, at 77 and 60 days respectively. Subject . 14 demonstrated the maintenance of only one relation, the 8-X symmetry relation, at 61 days, and Subjects 5 and 12 failed to demonstrate the maintenance of any of the relations at 84 and 61 days, respectively.
Figure 3 also show that 5 of the 8 subjects (Subjects 1, 6, 7, 13, and 15) demonstrated the maintenance of the within-compound relations. All of these subjects also demonstrated the maintenance of at least two of the four symmetry relations. Subjects 5, 12, and 14 did not demonstrate the maintenance of the within-compound relations.
No differences were observed in the strength of the symmetry relations versus the strength of the within-compound or equivalence relations, as shown by subjects' proportion of class-consistent responses on symmetry and equivalence test trials. More subjects were shown to have demonstrated the maintenance of one or more symmetry relations than equivalence or within-compound relations, as 6 subjects demonstrated the maintenance of one or more symmetry relations, 5 subjects demonstrated the maintenance of the within-compound relations, and 3 subjects demonstrated the maintenance of one or both equivalence relations.
The 3 subjects who demonstrated the maintenance of one or both equivalence relations (Subjects 6, 7, and 13) also demonstrated the maintenance of at least some of the symmetry relations. Likewise, the 5 subjects (Subjects 1, 6, 7, 13, and 15) who demonstrated the maintenance of the within-compound relations also demonstrated the maintenance of at least two symmetry relations.
Generalization Retention Test
The generalization of equivalence class membership was evaluated in the same manner employed in Phase 3. Shown in Figures 4-8 
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~o.. gradients depicting the second generalization test performances of Subjects 1, 5, 6, 7, 12, 13, 14, and 15 . Presented is the proportion of class-consistent responses emitted during the test, plotted against the hue of each class member and dimensional variant, shown separately for the 8-A symmetry relations, the 8-X symmetry relations, and the 8-C equivalence relations. Of these 8 subjects, 3 (Subjects 6, 7, and 13) demonstrated the generalization of all of the relations. Subjects 6 and 13 had also demonstrated the maintenance of three 4-member equivalence classes during the second equivalence test, while Subject 7 demonstrated the maintenance of the 8-A, 8-X, and 8-C relations. All 3 subjects had demonstrated generalization of all of the relations during the first generalization test.
Subject 1 demonstrated the generalization of the 8-A and 8-X relations yet failed to demonstrate the generalization of the 8-C relation, as shown in 
Verbal Protocol Analysis at Follow-up
Shown in Table 4 is the proportion of verbal responses emitted by each subject that were coded as Categories 1-6 during Phase 4 (equivalence retention test). Table 4 shows that Category 1 (descriptions of sample and comparison stimulus relations) was the most frequently observed response category for 6 of the 8 subjects during Phase 4. The mean proportion of responses coded as Category 1 during Phase 4 was greater for the group of 8 subjects relative to Phase 1. The mean proportion of responses coded as Category 2 during Phase 4 was less for the group of 8 subjects relative to Phase 1. A one-tailed correlated groups t test compared the observed mean proportion of verbal responses coded as Category 1 during Phase 1 to the observed mean proportion of verbal responses coded as Category 1 during Phase 4. This test was found to be statistically significant, «7) = 3.86, P < .05, suggesting that these 8 subjects as a group substantially increased the proportion of verbal descriptions of sample and comparison stimulus relations during Phase 4 relative to how they had responded during Phase 1. A one-tailed correlated groups t test compared the mean proportion of verbal responses coded as Category 2 Table 5 is the proportion of verbal responses emitted by each subject that were coded as Categories 1 a, 1 b, 2a, 2b, and 2-6 during Phase 5 (generalization retention test). The mean proportion of responses for each category is also shown in the table. Table 5 shows that Category 1 a (descriptions of sample and comparison stimulus relations using common names for Stimuli 81, 82, 83, and their dimensional variants) was the most frequently observed response category for 5 of the 8 subjects (Subjects 1, 5, 6, 12, and 14) during Phase 5. Not all of these subjects demonstrated generalization of all of the relations during Phase 5. No other consistent patterns of verbal behavior during Phase 5 can be observed across subjects. Note. All proportions were rounded to the nearest hundredth. Category 1 a = descriptions of stimulus relations using common names; 1 b = descriptions of stimulus relations using different names; 2 = . names or physical descriptions of single stimuli; 2a = physical descriptions of single stimuli using common names; 2b = physical descriptions of single stimuli using different names; 3 = reinforcement or its removal; 4 = variables unrelated to experiment; 5 = variables irrelevant to experiment; 6 = silence.
Discussion
Consistent with preVious studies (Fields et aI., 1991; 1997) , this experiment demonstrated the generalization of equivalence relations to dimensional variants of class members. This procedure differed from those in previous studies in showing generalization along the dimension of hue, and in showing the generalization of relations involving stimuli which had been presented as elements of complex samples during training. Generalized equivalence may thus depict a merging of perceptual classes with conceptual classes (Fields et al., 1997) . Subjects' generalization test performances were largely consistent with their equivalence test performances, in that subjects who demonstrated class formation likewise demonstrated the generalization of the equivalence relations, whereas subjects who failed to demonstrate class formation also failed to demonstrate the generalization of the relations. Of the 17 subjects, 3 failed to demonstrate the emergence of particular relations during the equivalence test, yet showed the subsequent generalization of those same relations. It is possible that the emergence of those relations was delayed (e.g., Sidman et aI., 1985) until the generalization test for these subjects. Similarly, 3 of the 17 subjects demonstrated the emergence of particular relations during the equivalence test, but failed to demonstrate their subsequent generalization. This could have been caused by the prolonged conditions of extinction to which subjects were exposed. A systematic reduction of reinforcement during training or the inclusion of reinforced baseline trials during the test phases might have reduced this problem.
These experimental findings converge with other results which have shown the maintenance of equivalence classes over considerable periods of time in the absence of intervening laboratory experience (e.g., Saunders et aI., 1988) . Although only 2 of the 8 subjects who completed the equivalence retention test demonstrated full class maintenance, 5 of those 8 subjects did, nonetheless, demonstrate the maintenance of from 1-6 within-compound, symmetry, or equivalence relations. Thus, one or more of the emergent relations demonstrated during an equivalence test can be expected to be maintained for 2-3 months following training. More subjects demonstrated' the maintenance of symmetry relations than equivalence or within-compound relations. In other words, stimulus relations with a nodal distance of zero were more likely to be retained over time for this group of subjects than those with a nodal distance of one. Long-term retention was thus shown to be an inverse function of the nodal distance separating the related stimuli (see Fields & Verhave, 1987; Fields, Verhave, & Fath, 1984) . This finding supports the notion that the stimuli constituting an equivalence class are not necessarily equally substitutable for one another (Adams et aI., 1993; Saunders & Green, 1992) . It also supports the view that the relations defining equivalence class membership may be construed as differential operant units (Pilgrim, Chambers, & Galizio, 1995; Pilgrim & Galizio, 1990 . Those subjects who demonstrated the maintenance of one or both equivalence relations or the two withincompound, relations also demonstrated the maintenance of at least two symmetry relations. This finding suggests that not only is symmetry a prerequisite for the emergence of other relations (Sidman et aI., 1985; Sidman, Willson-Morris, & Kirk, 1986) , but it may be a prerequisite for their maintenance as well.
Subjects' generalization retention test performances were largely consistent with their equivalence retention test performances, in that those subjects who demonstrated the retention of some or all of the emergent relations also demonstrated the retention of some or all of the generalized emergent relations. Of the 8 subjects, 3 demonstrated the retention of the generalized classes, while 1 subject demonstrated the retention of two generalized relations only. For these subjects, few notable changes were observed between the shape and area of the gradients depicting their first and second generalization test performances, suggesting that like equivalence classes, generalized equivalence classes may be remarkably stable over time. Four subjects demonstrated generalized classes that were not consistent with the baseline contingencies but instead appeared to be subject defined. In other words, sample stimuli and their dimensional variants occasioned responding that was consistent with membership in other classes. Of those 4 subjects, 3 had shown generalized classes that were experimenter defined during the first generalization test. Such reversals in class membership are consistent with the performance of one subject reported by Fields et al. (1997) . Why there were more observations of such reversals in this study than in previous studies is unclear. Although 2 subjects displayed such reversal patterns during the first generalization test, half of the subjects who completed the generalization retention test performed in this way. Thus, the emergence of subject-defined classes may be more likely after a relatively long period of time has elapsed between initial training and retention testing.
The verbal responding of individual subjects was not shown to systematically relate to their performances during any of the experimental phases, nor was their verbal behavior during the first experimental session shown to relate to their performances during the retention tests. An interesting finding was that the proportion of descriptions of sample and comparison stimulus relations increased substantially during both of the equivalence tests relative to during training for all subjects. At the same time, the proportion of names or descriptions of single stimuli decreased significantly during both of the equivalence tests relative to during training. Describing one's own behavior of relating stimuli may thus be more likely under conditions of extinction, although subjects' performances were not necessarily shown to have been enhanced by such verbal responding. A common finding was that subjects were likely to provide common names to class members and generalized class members during both generalization tests. Not all subjects who demonstrated generalization of the emergent relations used common names for generalized class members, however, nor did the performances of subjects who did use common names appear to be differentially affected by this pattern of naming.
